Polymer type greatly affected the properties of dispersions and films Surfactants did not affect coating capacity but slightly modify barrier properties Coatings were very thins to notably limit exchanges of gases in the fruit.
Introduction

24
The use of living agents to control pests or plant pathogens or biological control, 25 is considered as a reliable alternative to pesticide use (Droby et al., 2009 diseases caused by molds in fruits (Sui et al., 2015) . There are few studies 40 dealing with coatings as carriers of antagonistic yeasts (Aloui et al., (2015) ; 41 González-Estrada et al., 2015; Fan et al., 2009) .
42
Candida sake CPA-1 is one of the most studied antagonistic yeasts, due to its 43 ability to control grey mold caused by Botrytis cinerea 44 2013). Competition for nutrients and space is the proposed mechanism 45 whereby CPA-1 is able to inhibit fungal diseases. This mode of action requires 46 the presence of a high number of cells on the fruit to ensure their efficiency.
47
Their application in edible coatings based on different hydrocolloid improved the 48 HPMC (molecular weight: ~86 kDa, viscosity: 2.6 -5.6 mPa·s, 2 %) NaCas 73 (molecular weight: ~23 kDa), surfactants and streptomycin sulphate were 74 supplied by Sigma-Aldrich (Madrid, Spain). Native corn S and PP with a purity 75 of 85 to 90% were purchased from Roquette Laisa España, S.A., (Valencia, 76 Spain) and glycerol, magnesium nitrate-6-hydrate (Mg(NO 3 ) 2 ), phosphorus 
Preparation of the film forming dispersions (FFDs)
80
FFDs were prepared by dispersing the biopolymers in deionized water. HPMC 81 (2% wt.) was heated until 80°C and maintained under magnetic stirring at 25°C 82 overnight. No plasticizer was required to obtain adequate films, as previously 83 reported by other authors (Viallalobos et al., 2006) . S (2% wt.) was stirred at 84 95°C for 30 min to induce starch gelatinization. NaCas and PP (4% wt.) were 85 dispersed at 25°C for 2 h. Glycerol was incorporated as plasticizer in S, NaCas
86
and PP FFDs at a hydrocolloid:glycerol mass ratio of 1:0.25, according to 87 previous studies (Jiménez et al., 2012 , Fabra et al., 2009 ) and surfactants were 88 added at a mass ratio of 1:0.1, also on the basis of previously reported studies 89 (Jiménez et al., 2012; Ortega-Toro et al., 2014) . FFDs were homogenized with 90 a Ultraturrax T25 (Janke and Kunkel, Germany) at 13,600 rpm for 4 minutes 91 and sterilized at 121°C. Each film forming dispersion was prepared at least in 92 triplicate for its characterization. 
Characterization of the FFDs 94
2.3.1. Density, pH, particle size and ζ-potential 95 index (n) and the apparent viscosities () at 100 s -1 were determined. The gloss of the films was measured at an incidence angle of 60°, according to 144 the ASTM standard D523 (ASTM 1999), using a flat surface gloss meter Gloss 268, Minolta, Germany) in three films per formulation. The transparency 146 of the films was determined through the surface reflectance spectra from 400 to 147 700 nm with a spectrocolorimeter CM-3600d (Minolta Co., Tokyo, Japan). The 148 Kubelka-Munk theory was applied in order to determine the transparency.
149
Internal transmittance (T i ) was quantified using Eq. (3) for n values and lower than 10% for K values.
247
Both for HPMC and NaCas FFDs, the flow index was similar to those reported aggregates cause an increase in the stress-strain relationship and can be 265 disrupted during shear, thus causing thixotropic effects.
266
S S80 showed the lowest n (0.43) and the highest K, as well as the greatest 267 thixotropic effects, which suggests a higher degree of amylose complex 268 formation. In these cases, the Herschel-Bulkley model was fitted up to 540 and 269 520 s -1 in order to obtain yield stress values (Table 2) .
270
Multifactorial ANOVA revealed that, the type of polymer and surfactant 
288
From the adhered mass of the different FFDs, the total solid mass of the fruit 289 coating was estimated by considering their respective concentrations (Table 2 ).
290
The NaCas FFDs provided the highest values of adhered solid mass, and 291 hence, the formation of the thickest coatings is expected in this case.
292
The solid surface density (g/cm 2
) and film thickness were correlated with films From CIE L*a*b* colour coordinates, C* ab , h* ab and WI were obtained and are
326
shown in Table 3 . The kind of biopolymer greatly affected the colour of the films.
327
As compared to proteins, polysaccharides gave rise to lighter films with less 328 saturated colour, more yellow and less red in hue. Consequently, the WI of 329 protein films was lower. Surfactant incorporation led to a slight decrease in the 330 L* of HPMC films, which can be attributed to changes in the film structure.
331 Table 3 shows the values of T i at 400 nm where the greatest differences among 332 films were observed. coherently with their greater hydrophobic nature, which limited the water sorption capacity of the films. In HPMC, the effect of the surfactant was not 360 significant due to the more hydrophobic nature of this hydrocolloid.
361
As shown in Table 4 shows the values of OP of the films. The OP of HPMC could not be 373 quantified since they were above the threshold sensitivity of the equipment. The
374
S films exhibited better oxygen barrier properties than the protein films. In all 375 cases, surfactant addition (especially OA) worsened the OP, which may be 376 linked to the incorporation of a hydrophobic phase in the matrix where the 377 oxygen solubility is enhanced.
378
A PCA was used to compare all the analysed properties of the films. Fig. 3   379 shows the PCA plot, where PC1 explained 54% of total variance and PC2 24%. map indicated that NaCas coatings will better limit water vapour and oxygen 391 exchanges, mainly due to their higher coating capacity, whereas S without 392 surfactants will be the most effective at limiting the exchange of oxygen.
393
It can be summarized that S was the best one for the purposes of reducing In NaCas films, this effect could not be relevant due to the low gloss value of 410 these films. 
The viability of Candida sake in the films
412
The viability of cells in the different matrices was studied in order to identify their 413 ability as carriers of BCA, regardless of the fruit support. 
422
The statistical analysis did not reveal a clear pattern as regards the effect of 423 surfactants on the cell viability after drying. In HPMC, S80 and T85 seemed to 424 favour cell survival, while in S they provoked a decrease in cell population.
425
Likewise, T85 and OA reduced cell viability in NaCas and PP, respectively.
426
After 7 and 14 days of storage, although the viability was very much reduced in
427
HPMC and S formulations, protein films better maintained the C. sake viability.
428
This could also be explained by the nutritional effect of proteins.
429
The ambient RH (water activity in the film), affected the yeast viability González-Estrada, R., Calderón-Santoyo, Carvajal-Millan, E., Ascencio Valle, F. 
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